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Usin g a  Computationa l  Mode l  o f  Languag e Acquisitio n 
t o Addres s Question s i n Linguisti c Inquir y 

Jane Hill 
Departmen t  o f  Compute r  Scienc e 

Smit h College ,  Northampton ,  MA 0106 3 

In this paper we are presenting a case study to illustrate the way in 
whic h ou r  computationa l  mode l  o f  Englis h languag e acquisitio n an d languag e 
performanc e m ver y youn g childre n may b e use d t o addres s question s i n 
linguisti c inquiry .  Our s i s a  mode l  whic h depend s o n th e interactio n o f 
languag e an d cognitiv e domains ,  an d whic h seek s commonalitie s betwee n th e 
processe s employe d i n languag e perceptio n an d sensor y perceptio n i n othe r 
modalities ,  a s wel l  a s betwee n languag e productio n an d respons e t o stimul i  i n 
othe r  modalities . 

1. Computational Models and the Innatist-Empiricist Controversy 

Since Noam Chomsky published Syntactic Structures in 19i7 the dialogue 
betwee n th e innatist s an d th e empiricist s ha s fundamentall y influence d th e 
cours e o f  researc h i n languag e acquisition .  Th e debat e betwee n Chomsk y an d 
Piage t  (Piatelli-Palmarin i  1980 )  serve d t o illustrat e ho w firml y establishe d 
ar e th e opposin g point s o f  view ,  an d ho w littl e movemen t  towar d 
reconciliatio n suc h debate s a s thes e see m t o foster .  Ou r  mode l  o f  languag e 
acquisitio n i n th e two-year-ol d (Hil l  1982 ,  1983 )  ha s som e bearin g o n th e 
abov e controversy .  Th e mode l  represent s a  firs t  attemp t  a t  buildin g a 
vehicl e whic h may b e employe d t o examin e an d experimen t  wit h differen t 
hypothese s abou t  languag e learning .  Althoug h i t  i s  obviou s tha t 
computationa l  model s i n an d o f  themselve s wil l  no t  solv e an y controversies , 
nevertheles s w e believ e tha t  ultimatel y model s suc h a s our s wil l  hav e a 
profoun d effec t  o n th e wa y i n whic h question s wil l  b e pose d an d th e answer s 
tha t  wil l  b e found .  Eve n ou r  simpl e mode l  ha s alread y succeede d i n 
stimulatin g it s ow n health y controversy . 

2. Brief Overview of Model I. 

We will now describe our very simple model of the acquisition of English 
i n th e two-year-ol d an d discus s som e question s an d som e answer s suggeste d b y 
th e us e o f  th e computationa l  mode l  i n analyzin g th e Ada m dat a whic h wa s 
gathere d b y Roge r  Brown ,  Ursul a Belugi ,  Coli n Eraser ,  an d Courtne y Cazde n 
prio r  t o 197 3 (Brow n 1973) . 

We can only give a very brief overview of the model and its assumptions 
i n thi s ;>aper .  Reader s intereste d i n detail s o f  th e mode l  shoul d consul t 
Hil l  (1982 ,  1983 )  fo r  ful l  particular s o f  th e mode l  includin g example s o f 
compute r  outpu t  togethe r  wit h correspondin g linguisti c dat a collecte d fro m a 
two-year-ol d child .  Th e psychologica l  validit y o f  th e mode l  i s defende d i n 
Hil l  an d Arbi b (1984 )  an d i n Hil l  (1984) .  Th e mode l  i s describe d a s a  member 
of  th e clas s o f  schema-theoreti c model s i n Arbib ,  Conklin ,  an d Hil l  (t o 
appear) .  Th e mode l  a s describe d her e i s full y  implemented .  Th e developmen t 
of  th e model ,  however ,  i s  a n ongoin g process .  Figur e 1  provide s a  diagra m o f 
th e component s o f  th e model . 
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Invarian t  Function s 

Hypothesiz e wor d order ,  wor d classes ,  template s 
Generaliz e classe s an d template s 
Assimilat e ne w words ,  concepts ,  an d template s 
Accommodat e classe s an d template s structur e 

Child '  s  Dynami c 
Dat a structure s 

TT 

Adul t 
sentence s 

[Presen t 
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Lexicon :  Word s an d thei r 
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worl d knowledg e 

Present context 

Chil d 
sentence s 
"repeating " 
or 
respondin g 
t o adul t 
sentence s 

Figur e 1 .  Component s o f  th e mode l 

The mode l  take s a s it s inpu t  adul t  sentence s togethe r  wit h indication s 
provide d b y th e user ,  wher e relevant ,  o f  th e physica l  contex t  i n whic h th e 
sentence s ar e uttered .  Outpu t  fro m th e mode l  i s a  representatio n o f 
child-lik e sentence s repeatin g o r  respondin g t o th e adul t  inpu t  i n accordanc e 
wit h th e curren t  stat e o f  th e model' s grammar .  Th e child' s knowledg e i s 
represente d b y dynami c dat a structure s encodin g th e child' s lexicon ,  th e 
child' s grammar ,  th e conceptua l  knowledg e o f  th e child ,  an d th e physica l 
contex t  o f  th e dialogue .  No  assumption s wer e mad e abou t  th e ultimat e for m o f 
th e adul t  gramma r  no r  abou t  wha t  mus t  b e built-i n t o th e model ,  bu t  a  precis e 
accoun t  wa s kep t  o f  th e knowledg e an d processe s whic h wer e foun d t o b e 
necessar y t o b e built-i n t o th e mode l  eve n fo r  thi s elementar y leve l  o f 
speech .  Th e mode l  notice s an d employ s relations ,  wor d order ,  rule s fo r 
concatenatin g relation s an d deletin g words ,  an d a s th e mode l  grow s wor d 
classe s ar e formed .  A n importan t  constrain t  o n th e mode l  i s tha t  i t  doe s not 
depen d o n knowledg e o f  adul t  wor d classe s suc h a s a  divisio n betwee n action s 
and objects .  Th e mode l  require s schema s fo r  wor d classificatio n an d templat e 
classificatio n i n orde r  t o grow ,  bu t  th e actua l  classe s remai n flexibl e an d 
ar e inferre d fro m th e child' s languag e behavior .  Th e processe s name d abov e 
caus e successiv e reorganization s o f  th e gramma r  an d th e lexicon .  Th e mode l 
suggest s on e wa y i n whic h languag e base d initiall y  o n cognitiv e knowledg e ca n 
gro w int o a  syntacti c syste m whic h wil l  b e increasingl y independen t  o f  it s 
semanti c an d cognitiv e foundations .  I t  i s  importan t  t o not e tha t  althoug h 
th e rule s embodie d i n th e mode l  ar e simple ,  thei r  interactio n i s comple x 
enoug h t o necessitat e th e us e o f  a  compute r  model . 

The model in its original form twhich we shall refer to as Model I) 
attaine d onl y th e leve l  o f  a  two-year-ol d producin g sentence s o f  u p t o si x 
word s i n length .  Th e gramma r  o f  Mode l  I  (.whic h w e shal l  refe r  t o a s Grammar 
I )  wa s entirel y fla t  an d wa s mad e u p o f  rule s fo r  formin g two-wor d utterance s 
expressin g relation s an d fo r  combinin g thos e two-wor d relation s int o 
utterance s whic h wer e tw o t o si x word s i n length .  Th e gramma r  an d lexico n 
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containe d no  article s an d n o conjunctions .  Th e natura l  nex t  questio n t o b e 
addresse d b y th e mode l  wa s ho w migh t  th e chil d progres s fro m th e fia t  gramma r 
to  a  hierarchica l  one ? A s a  mean s o f  examinin g thi s questio n w e decide d t o 
explor e th e child' s us e o f  conjunctions . 

3. Expanding Model I. to Accommodate Coordinate Structure 

We have examined the data collected by Roger Brown and his colleagues 
fro m th e chil d Adam,  fro m th e ag e tw o year s thre e month s u p t o tw o year s 
eleve n month s wit h particula r  attentio n t o th e us e o f  th e conjunctio n "and " 
by th e adult s i n th e transcribe d session s an d b y th e chil d Adam.  We use d a s 
inpu t  t o ou r  mode l  th e bod y o f  adul t  sentence s whic h occurre d i n th e 
transcribe d session s an d whic h containe d th e conjunctio n "and. "  Th e outpu t 
obtaine d fro m th e mode l  withou t  an y additiona l  machiner y quit e readil y 
matche d th e Ada m dat a u p to  th e tim e tha t  Ada m himsel f  bega n t o us e 
conjunctions .  What  follow s i s a  cas e stud y o f  th e us e o f  th e mode l  i n 
explorin g th e child' s understandin g an d formatio n o f  coordinat e structure . 
The question s whic h linguist s hav e addresse d m th e analysi s o f  coordinat e 
structur e wil l  b e ver y briefl y summarized .  Fo r  a  mor e complet e discussio n 
see Stockwell ,  Schacter ,  an d Parte e (1973) . 
1.  On e ma y emplo y conjunctio n reductio n whereb y redundan t  element s i n a 
full y  sententia l  coordinate d sentenc e ar e deleted .  Fo r  exampl e 

Joh n an d Bil l  lef t 
i s  derive d fro m 

Joh n lef t  an d Bil l  lef t 
wit h th e firs t  occurrenc e o f  th e wor d "left "  deleted . 
2.  On e ma y conjoi n phrase s an d us e th e conjoine d phras e a s th e subjec t  o f 
th e ver b "left. " 
3.  On e ma y emplo y som e combinatio n o f  thes e tactics . 

In their article "The Development of Sentence Coordination", 
Tager-Flusberg ,  deVillier s &  Hakut a C1982 ;  argu e tha t  children' s earlies t 
phrasa l  conjunction s ar e no t  plausibl y derive d b y conjunctio n reductio n bu t 
ar e generate d b y directl y combinin g lik e constituent s b y phras e structur e 
rules .  I t  wil l  tur n ou t  tha t  th e mode l  support s thi s argumen t  bu t  i t  shoul d 
be note d tha t  th e clai m i s b y n o mean s universall y accepte d b y linguists . 
(Se e fo r  exampl e Lus t  1977 ,  Lus t  an d Mervi s 1980. ) 

Our approach to building a model is to address the question of what must 
be adde d ste p b y ste p to  th e mode l  m orde r  t o paralle l  th e developin g 
languag e o f  th e child .  N o on e woul d imagin e tha t  th e simpl e rule s o f  Mode l  I 
woul d suffic e fo r  an y bu t  th e mos t  elementar y stag e o f  language .  Th e 
questio n w e as k o f  th e mode l  i s no t  i t  i t  wil l  fail ,  bu t  rathe r  i n wha t 
fashio n i t  wil l  fail ,  an d mos t  importantl y ca n th e mode l  evolv e i n suc h a 
fashio n tha t  th e mor e matur e processe s evolv e fro m an d gro w ou t  o f  th e 
earlie r  processes .  I n th e transcribe d data ,  Ada m a t  firs t  frequentl y faile d 
t o respon d a t  al l  t o conjoine d adul t  sentences .  When Ada m bega n t o repea t 
conjoine d utterance s h e repeate d the m b y omittin g "and. "  Al l  thes e exchange s 
wer e develope d b y th e mode l  withou t  an y additiona l  modificatio n t o th e 
model' s Grammar  I  o r  t o th e lexico n o r  concept-spac e o f  Mode l  I .  Thi s wa s a s 
i t  shoul d hav e been . 

At two years six months there occurs Adam's first use of a conjoined 
repl y i n respons e t o a n adul t  sentence . 

Adult :  Well ,  here ,  com e her e an d cu t  you r  paper . 
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Adam:  I  com e her e a  cu t  it . 
Now,  ho w ca n th e mode l  b e modifie d t o produc e suc h a n utterance ? I n Grammar 
I ,  " I "  coul d b e combine d wit h "come "  to  produc e " I  come. "  "Come "  coul d b e 
followe d b y a  slo t  fille d b y "here "  producin g "com e here, "  an d "cut "  coul d b e 
followe d b y "it "  meanin g "paper "  t o produc e "cu t  paper "  o r  "cu t  it. "  Th e 
firs t  mode l  coul d produc e th e respons e " I  com e her e cu t  it "  b y formin g th e 
relation s " I  come, "  "com e here, "  an d "cu t  it. "  " I  com e com e her e cu t  it "  wa s 
forme d b y concatenatin g thes e thre e relation s an d " I  com e her e cu t  it "  wa s 
forme d b y a  deletio n rule .  Ther e wa s n o wa y i n whic h " I  com e her e a  cu t  it " 
coul d b e produced . 

We tried to use Model I to conjoin the single words "come" and "cut" by 
addin g "and "  t o th e lexico n an d addin g th e concep t  o f  coordinatio n t o th e 
concep t  set .  Grammar  I  rule s yielde d 

I  com e com e her e com e an d cu t  cu t  i t 
whic h th e deletio n rule s transforme d int o 

I  her e com e an d cu t  it . 
Thi s wa s clearl y wrong .  N o chil d woul d mak e suc h a n error .  I t  seeme d tha t 
eithe r  w e mus t  devis e differen t  deletio n rule s fo r  differen t  situation s b y 
distinguishin g betwee n a t  leas t  subjec t  an d objec t  s o tha t  conjunctio n 
reductio n coul d b e employed ,  o r  alternativel y tha t  w e mus t  us e th e phrasa l 
approach .  Eithe r  wa y th e dat a force d u s t o for m a  ne w templat e rul e whic h 
conjoine d relatio n pairs ,  no t  merel y relatio n word s o r  slo t  fillers .  Thu s 
thi s rul e i s th e firs t  hierarchica l  rul e i n a  previousl y fia t  grammar . 
Moreove r  sinc e thi s rul e provide d u s wit h a n alternativ e wa y t o fil l  slots , 
th e Grammar  1 1 i s no w mor e convenientl y represente d b y a  se t  o f  phras e 
structur e rule s tha n b y th e fla t  templates .  We hav e give n onl y on e 
illustrativ e sentenc e her e du e t o constraint s o f  spac e bu t  th e argument s 
presente d her e ar e supporte d b y man y sentence s i n th e data . 

Since it is not a straightforward task to transform the template grammar 
t o distinguis h betwee n subjec t  an d objec t  w e foun d tha t  i t  wa s easie r  t o for m 
Model  I I  b y addin g th e abilit y  t o for m conjoine d phrase s an d us e tha n a s slo t 
fillers .  I t  appeare d tha t  thi s simpl e strateg y suffice d fo r  th e Ada m data . 
We canno t  b e certai n o f  th e validit y o f  thi s strateg y unles s w e painstakingl y 
develo p Mode l  I I  b y permittin g i t  t o evolv e wee k b y wee k fro m languag e 
sample s o f  a  singl e chil d a s w e di d wit h Mode l  I .  I t  i s  a n interestin g fac t 
abou t  th e mode l  that ,  however ,  tha t  th e conjoine d phras e strateg y i s muc h 
simple r  t o implemen t  an d i s apparentl y adequate . 

In summary, all the new coordinated responses could be accommodated by 
addin g a  ne w syntacti c wor d clas s t o th e mode l  an d permittin g hierarchica l 
structur e represente d b y th e additio n o f  a  context-fre e phras e structur e rul e 
whic h too k th e Mode l  I  templat e 

relation-wor d slot-fille r 
and calle d i t  simpl y relation ,  e.g. , 

relatio n — > relation-wor d slot-fille r  an d the n adde d th e rul e 
slot-fille r  — > relatio n "and "  relatio n 

The conjunctio n "and "  wa s inserte d a s th e firs t  entr y i n th e close d clas s i n 
th e Mode l  I I  lexicon .  Not e tha t  thi s additiona l  phras e structur e rul e cause s 
Grammar  I I  t o b e recursiv e a s wel l  a s hierarchical . 

One interesting aspect of this case study of the addition of 
conjunction s t o Mode l  I  whic h wa s flat ,  an d whic h resulte d i n a  hierarchica l 
and recursiv e gramma r  fo r  Mode l  II ,  i s  tha t  th e machiner y force d b y th e dat a 
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was contrar y t o tha t  whic h w e ha d anticipate d whe n w e firs t  starte d t o 
explor e th e additio n o f  conjunctions .  Sinc e th e mode l  alread y ha d 
concatenatio n an d deletio n rules ,  befor e experimentin g wit h th e mode l  w e 
assumed tha t  th e conjunctio n reductio n approac h woul d b e easie r  t o implement . 
Experimentin g wit h th e mode l  an d comparin g i t  t o th e dat a force d u s t o th e 
realizatio n tha t  th e curren t  concatenatio n an d deletio n rule s woul d no t  wor k 
fo r  conjoine d sentence s an d neithe r  coul d the y b e easil y modified . 

In conclusion we would emphasize that we take the position that there is 
no nee d t o assum e tha t  th e hierarchica l  gramma r  evolve s al l  a t  once .  Neithe r 
i s ther e an y nee d t o assum e tha t  hierarch y i s triggere d b y conjunction s fo r 
al l  children .  Mechanism s may appea r  i n a  differen t  orde r  i n differen t 
children' s grammars .  Th e interestin g observation s offere d b y thi s cas e stud y 
ar e simpl y tha t  experimentin g wit h a  computationa l  mode l  wil l  ofte n surpris e 
th e designer ,  wil l  sugges t  ne w question s t o explore ,  an d wil l  provid e ne w 
insight s whic h may complemen t  thos e o f  traditiona l  linguisti c analysis .  What 
ca n w e conclud e abou t  th e conjunctio n reductio n hypothesi s vs .  th e conjoine d 
phras e structur e hypothesi s fro m thi s cas e study ? Certainl y th e mode l  canno t 
be regarde d a s offerin g conclusiv e evidenc e fo r  on e choic e ove r  th e other . 
I t  is ,  however ,  interestin g t o not e tha t  i n experimentin g wit h thi s mode l  i t 
was fa r  easie r  t o produc e sentence s suc h a s Adam' s firs t  conjoine d sentence s 
by employin g th e conjoine d phras e analysi s rathe r  tha n th e conjunctio n 
reductio n approach ,  and ,  a s anticipated ,  th e additio n o f  "and "  t o th e gramma r 
force d th e developmen t  o f  a  hierarchica l  grammar . 
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